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Abstract— Porous three-dimensional (3D) tissue scaffolds directly 
influence cell attachment, proliferation, and guidance of new 
tissue formation.  Cells respond to a scaffold’s architecture, 
mechanical properties, and transport properties.  Given the 
number of design constraints, scaffold design must include 
multiple design parameters.  Using a unit-cell based assembly 
approach, we introduce a method to account for multiple design 
parameters during scaffold assembly.    This paper presents our 
method for integrating multiple parameters for unit-cell selection.   
 
 
I. INTRODUCTION 
 
Tissue engineering seeks to replace, maintain, or improve 
functions through tissue substitutes.  This interdisciplinary 
field is using principles and tools from biology, engineering, 
and computer engineering to produce these tissue substitutes.  
The goals in tissue engineering include isolating, culturing, and 
seeding patient cells onto a 3D scaffold for tissue growth [1].  A 
major component to cell growth and tissue formation is the 
cell’s environment [2].  The environment affects cell 
attachment, growth, and proliferation.  Since the scaffold 
constitutes the cell environment after seeding, alterations to the 
scaffold will have a direct impact on cell growth and tissue 
formation.  The scaffold can affect either the microscopic scale 
or macroscopic scale cell requirements [3].  To account for the 
macroscopic and microscopic requirements, we introduce the 
unit-cell as a middle or mesoscopic platform that contains both 
the macroscopic and the microscopic requirements.  The 
unit-cell is taken to be the smallest repeating structure in our 
scaffold [4].   The scaffold is therefore an assembly of 
unit-cells.  To include heterogeneity within the scaffold and to 
use the unit-cell as a mesoscopic platform, we will use a 
unit-cell based assembly approach to our scaffolds [5]. The 
objective of this paper is to present our method to include 
multiple parameters during unit-cell assembly of a scaffold.  
 
 
II. DESIGN CONSTRAINTS 
Since cell behavior is affected by the scaffold environment, 
scaffold design can be altered to manipulate cell behavior.  The  
 
TABLE 1 
Design Considerations and Characterizing Parameters [3] 
 
 
first step is manipulating cell behavior is to determine which 
design constraints affect the cell.  Scaffold design 
considerations are given in Table1.  Within each design 
consideration there are number of characterizing parameters 
listed.  Several of these parameters affect more than one 
category such as pore area, Ap.  The parameters listed below are 
not on the same order of magnitude, nor do they have the same 
units.  Yet, our approach must account for all of these 
parameters for the scaffold design to give cells specific signals. 
 
III. MULTIPLE PARAMETER DESIGN 
Our approach must be able to provide a comparison between 
parameters and the ability to fluctuant the influence of a 
parameter for a given application.  First, we formulated a 
method to find the discrepancy or error between a target and a 
unit-cell. 
The process begins by obtaining the range of acceptable 
values for a parameter P.  The upper tolerance, Hp, and the 
lower tolerance, Lp, are used to determine the target value, Mp, 
through the relationship  
 
Mp = Lp + | ( Hp – Lp ) / 2 | .                       (1) 
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Figure 3: Target Discrepancy.  The target value is based on the region 
requirements and is between the upper and lower limits.  The difference 
between the unit-cell property and the target value is the target discrepancy, dp. 
 
Next there is a comparison between the unit-cell parameter 
value, Cp, and the target value.  From our characterization 
process, we already have the parameter values for our unit-cells  
 [5]. The target discrepancy, dp, is the distance or the error 
between the unit-cell value and the target value as given by 
 
dp = | Mp – Cp | .                                         (2) 
 
The reason for the absolute value in equation (2) is the unit-cell 
value could fall above or below the target value.  This process 
can be repeated for any parameter regardless of the units or the 
magnitude, but comparing between the target discrepancies can 
not be done directly.  For example, a 25% change in pore size 
could be on the scale of 50 microns, while a 25% change in 
elastic modulus could be above 500 MPa.  By normalizing the 
target discrepancies, we can compare between parameters.  We 
normalize the discrepancy by dividing by the range, as given in 
equation (3).   
 
Dp = dp / | Hp – Lp |                                    (3) 
 
Our second consideration is to allow parameters to have 
varying amounts of influence on the unit-cell selection.  We 
want this capability because an application in tissue 
engineering may require one property over another.  For 
example, a femur is a load bearing structure in the body.  It 
experiences large amounts of stress on a daily basis.  An 
effective replacement for this structure would depend more on 
mechanical properties than other parameters.  On the other 
hand, a bone found in the face could allow more parameters to 
affect the unit-cell selection.   
To allow variations in parameter importance, we introduced 
a weight factor for each parameter.  The more important a 
parameter is to an application, the higher the weight factor that 
is assigned to the parameter.  The sum of the weights must 
equal one, as given in equation (4).   
 
∑wj = 1                                                      (4) 
 
To determine the overall ranking of a unit-cell for a region, 
we introduced a value called fitness, F.  This value couples the 
normalized target discrepancy and the parameter weight.  
Fitness is related to them by  
 
Fi = ∑ (0.5 – Dj)wj .                                   (5) 
 
This value is a summation of the discrepancies factored by their 
respective weight factor.  In our formulation, the highest fitness 
a unit-cell can have is 0.5. This fitness value is used during 
ranking.  The unit-cell with the highest fitness value also has 
the highest ranking.   
 
 
IV. CONCLUSION 
 
This work is intended for a unit-cell based assembly process.  
Using this methodology, we can determine the discrepancies 
between a region and any unit-cell, perform comparisons 
between parameters for unit-cells, and manipulate the 
importance of each parameter.  These abilities will allow 
scaffold designs to be based on multiple tissue requirements 
thereby increasing its performance. 
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